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Specification 
(57) Abstract 
Purpose 

To provide a surgical microscope that has the ability to obtain a RED REFLEX that is bright and 
has stereoscopic effects. 

Construction 

An illumination system 20 having a light source 24, an observation optical system 10 for observing 
the eye undergoing examination 1, a half mirror 30 arranged between the eye undergoing 
examination 1 and the observation optical system 10 and that irradiates an illumination luminous 
flux which is emitted from the light source 24 to the eye undergoing examination 1 along the optical 
axis 10a of the observation optical system 10 and at the same time which guides a reflection 
luminous flux which is reflected by the eye undergoing examination 1 to the observation optical 
system 10 along an optical axis 10a, and a full reflection mirror 40 arranged at a position where the 
reflection luminous flux is not interrupted which is between the eye undergoing examination 1 and 
the observation optical system 10 and which irradiates the eye undergoing examination 1 from 
another direction different to the illumination direction of the illumination luminous flux which is 
irradiated along the optical axis 10a. 

Title of the Invention 
SURGICAL MICROSCOPE 
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Scope of Claims 

A surgical microscope, comprising: 
Claim 1 

A light source, an observation optical system to observe the eye undergoing examination, a 
luminous flux guiding means that guides a reflection luminous flux which is reflected by the eye 
undergoing examination to the observation optical system along the optical axis, and at the same 
time irradiates an illumination luminous flux which is emitted from the light source to the eye 
undergoing examination along the optical axis of the observation optical system; and a surgical 
microscope comprises an illumination means arranged in a position where the reflection luminous 
flux is not interrupted which is between the eye under examination and the observation optical 
system and which irradiates the eye under examination from another direction different to the 
illumination direction of the illumination luminous flux which is irradiated along the optical axis. 

Claim 2 

The surgical microscopic according to Claim 1, wherein the illumination means reflects a portion of 
the illumination luminous flux which is emitted from the light source and irradiates to the eye 
undergoing examination. 

Claim 3 

The surgical microscope according to Claim 2, wherein the luminous flux guiding means comprises 
a first control that moves between a first reflecting position that reflects the illumination luminous 
flux which is emitted from the light source and a first relief position which does not reflect the 
illumination luminous flux; and the illumination means which further comprises a second control 
that moves between a second reflecting position that reflects a portion of the illumination luminous 
flux which is emitted from the light source and a second relief position which does not reflect a 
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portion of the illumination luminous flux; and a movement control means that executes at least one 
of these. 

Description of the Invention 
0001 

Industrial Applications 

The present invention relates to a surgical microscope where a reflection luminous flux reflected by 
the eye undergoing examination is guided to the observation optical system along the optical axis at 
the same time that an illumination luminous flux emitted from a light source is irradiated along the 
optical axis of an observation optical system to the eye undergoing examination. 

0002 
Prior Art 

The surgical microscopes used for an ophthalmologic operation generally have been comprised with 
an observation optical system including a zooming optical system in order to freely magnify an eye 
under examination. Surgeons perform their operation while they are looking at an enlarged image 
of the eye undergoing examination through an observation optical system. 

0003 

A cataract operation is known as one ophthalmologic operation. In a cataract operation, the lens of 
the eye undergoing examination is removed first, and then the remaining tissue inside the lens 
capsule is extracted. It is necessary to draw out this residual tissue completely, otherwise there is 
the possibility that the cataract may return. Moreover, normally when performing this operation, a 
trans-illumination image for observing the residual tissue with a high contrast is required for so- 
called RED REFLEX. RED REFLEX can be generated by reflecting the illumination luminous 
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flux at the eyeground of the eye undergoing examination. Additionally, a full co-axial illumination 
method is applied that makes the illumination luminous flux overlap on the optical axis of the 
observation optical system in order to make the RED REFLEX brighter with more uniformity. 

0004 

A surgical microscope using this full co-axial illumination method is constructed as shown in FIG. 6 
as an example. Referring to FIG. 6, the numeral 1 indicates the eye undergoing examination and 2 
indicates the eye of a surgeon. 

0005 

The conventional surgical microscope comprises an observation optical system 10, an illumination 
optical system 20, and a luminous flux guiding means (half mirror) 30 in order to realize the full co- 
axial illumination. The observation optical system 10 comprises a first objective lens 1 1, a zooming 
optical system 12, a second objective lens 31, an erect prism 32, a rhombus prism 33, and an 
eyepiece lens 34. Further each of the optical elements except the first objective lens 1 1 is a left and 
right pair to enable stereo observation of the eye undergoing examination 1, only one side which is 
shown in the drawing. The illumination optical system 20 comprises a relay lens 21, condenser lens 
22, an optical fiber 23 as well as a light source 24. 

0006 

The illumination emitted from light source 24 is guided to the half mirror 30 by means of the optical 
fiber 23, condenser lens 22 and relay lens 21. The half mirror 30 reflects the illumination luminous 
flux to the eye undergoing examination along the optical axis 10a of the observation optical system 
10 while it transmits the reflection luminous flux reflected by the eye undergoing examination 1. 
The transmitted reflection luminous flux is guided to the observation optical system 1 0 along the 
optical axis 10a. 
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0007 



FIG. 7 shows further details of the position relationships of illumination luminous flux and 
reflection luminous flux. In the Drawing, region 13 indicates an illumination luminous flux, and 
region 14a and 14b indicates a reflection luminous flux. As shown in the Drawing, the illumination 
luminous flux as well as the reflection luminous flux progress respectively in their designated 
directions in a state where a portion of each mutually overlap. 

0008 

Problems overcome by the invention 

However, the conventional surgical microscope using a full co-axial illumination method results in 
a non-shadow image illumination because the angle of both the illumination luminous flux and the 
reflection luminous flux becomes 0°. 

0009 

The stereoscopic effects of the eye undergoing examination decreases under non-shadow image 
illumination generating the problem that an operation is hard to perform. Additionally, the RED 
REFLEX is not necessary at the time of incision or suture. However there has also been the 
problem that brightness of an observation image decreases because a half mirror for the full co-axial 
illumination method is commonly arranged on the observation optical axis. 

0010 

The present invention is accomplished in consideration of the aforementioned problems, and the 
objective of the present invention is to provide a surgical microscope that has the ability to obtain a 
RED REFLEX that is bright and has stereoscopic effects. 
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0011 



Problem resolution means 

According to the first form of the present invention for achieving the purpose stated above, being to 
provide a surgical microscope, comprising: a light source, an observation optical system to observe 
the eye undergoing examination, a luminous flux guiding means arranged between the eye 
undergoing examination and an observation optical system and which irradiates an illumination 
luminous flux which is emitted from a light source to the eye undergoing examination along the 
optical axis of an observation optical system and which guides a reflection luminous flux reflected 
by the eye undergoing examination to the observation optical system along the optical axis; and a 
surgical microscope that comprises an illumination means arranged in a position where the 
reflection luminous flux is not interrupted which is between the eye undergoing examination and the 
observation optical system and which irradiates the eye under examination from another direction 
different from that of the irradiation direction of the illumination luminous flux irradiated along the 
optical axis. 

0012 

According to the second form of the present invention for achieving the above purpose, to provide a 
surgical microscopic according to form 1, wherein an illumination means reflects a portion of an 
illumination luminous flux emitted from a light source and irradiates the eye undergoing 
examination. 

0013 

According to the third form of the present invention for achieving the purpose stated above, to 
provide a surgical microscopic according to form 2, and to provide a luminous flux guiding means 
that comprises a first control that moves between a first reflecting position that reflects an 
illumination luminous flux emitted from a light source and a first relief position which does not 
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reflect the illumination luminous flux, and an illumination means that comprises a second control 
that moves between a second reflecting position that reflects a portion of the illumination luminous 
flux which is emitted from the light source and a second relief position which does not reflect a 
portion of the illumination luminous flux, and a movement control means that executes at least one 
of these. 

0014 

Operation 

According to the present invention, the full co-axial illumination method becomes possible by the 
luminous flux guiding means arranged between the eye undergoing examination and the 
observation optical system because an illumination luminous flux emitted from a light source is 
irradiated onto the eye undergoing examination along the optical axis of an observation optical 
system at the same time that the reflection luminous flux reflected by the eye undergoing 
examination is guided to the observation optical system along the optical axis. 

0015 

Additionally, by an illumination means, the eye undergoing examination can be observed with 
better stereoscopic effects because the eye undergoing examination is illuminated from a direction 
different to the irradiation direction of the illumination luminous flux (a luminous flux for the full 
co-axial illumination). Further, the angles of both the illumination luminous flux of the illumination 
means and the luminous flux of a full co-axial illumination become acute because the illumination 
means is arranged at the place where the reflection luminous flux is not interrupted and which is 
between the eye undergoing examination and the observation optical system. In this manner, a 
reflecting image of the eye undergoing examination can be obtained as a sharp observation image 
without elongation. 

0016 
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The movement control means has the ability to execute at least one of these: a luminous flux 
guiding means wherein the first control that moves between the first reflecting position that reflects 
an illumination luminous flux emitted from a light source and the first relief position which does 
not reflect the illumination luminous flux, and the illumination means wherein the second control 
that moves between the second reflecting position that reflects a portion of the illumination 
luminous flux which is emitted from the light source and the second relief position which does not 
reflect a portion of the illumination luminous flux. 
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Embodiments 

Embodiments of the present invention are described hereafter with reference to the Drawings. 
0018 

In FIG. 1, numeral 1 indicates the eye undergoing examination and 2 is the eye of a surgeon. The 
surgical microscope of the present embodiment, as described in a the Drawing, comprises the 
illumination optical system 20 having a light source 24, the observation optical system 10 in order 
to observe the eye undergoing examination 1, the luminous flux guiding means 30 (a half mirror in 
a example of the present invention) arranged between the eye undergoing examination 1 and the 
observation optical system 10, and the full reflecting mirror 40 that is the special feature of the 
present embodiment. 

0019 

The half mirror 30 irradiates an illumination luminous flux which is emitted from the light source 
24 to the eye undergoing examination 1 along the optical axis 10a of the observation optical system 
10 while it also guides a reflection luminous flux reflected by the eye undergoing examination 1 to 
the observation optical system 10 along the optical axis 10a. The full co-axial illumination of the 
eye undergoing examination 1 becomes possible by this half mirror 30, and a trans-illumination 
image (RED REFLEX) can be obtained by a reflection luminous flux which is reflected by the 
eyeground of the eye undergoing examination 1. 

0020 

The full reflecting mirror 40 is arranged between the eye undergoing examination 1 and the 
observation optical system 10, and more specifically, it is arranged below the half mirror 30 which 
is arranged below the first objective lens 1 1 at a position where a reflection luminous flux is not 
interrupted from the eye undergoing examination 1 (in other words, a position where the full 
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reflecting mirror 40 is not in the field of view of the eye of a surgeon 2 when the eye of a surgeon 2 
observes the eye undergoing examination 1). 

0021 

The observation optical system 10 comprises the first objective lens 1 1 which is formed in almost 
equal size to the half mirror 30, the zooming optical system 12 where any zooming can be freely set, 
the second objective lens 31, the erect prism 32, the rhombus prism 33 and the eyepiece lens 34. 
Each optical element except the first objective lens 1 1 is a pair in left-and right so that a surgeon 
enables having the stereo observation with both eyes, and only one side is illustrated in the drawing. 

0022 

The illumination optical system 20 comprises the light source 24, the relay lens 21, the condenser 
lens 22 and the optical fiber 23. 

0023 

In a surgical microscope constructed in this manner, an illumination luminous flux which is emitted 
from the light source 24 is guided to the half mirror 30 passing through the optical fiber 23, the 
condenser lens 22 and the relay lens 21 . The half mirror 30 reflects this illumination luminous flux 
and irradiates to the eye undergoing examination 1 along the optical axis 10a of the observation 
optical system 10. 

0024 

On the other hand, the full reflecting mirror 40 reflects a portion of the illumination luminous flux 
which is emitted from the relay lens 21 and irradiates this to the eye undergoing examination 1. The 
irradiation direction of the full reflecting mirror 40 is slightly different from the irradiation direction 
of the half mirror 30 as described in FIG. 1 . Because of this, a shadow image caused by roughness 
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on the eye undergoing examination (for example, residual tissues in a lens capsule in a cataract 
operation) can be created. Additionally, because the full reflecting mirror 40 is arranged in the 
vicinity of the half mirror 30, the irradiation direction of the half mirror 30 and the irradiation 
direction of the full reflecting mirror become an acute angle thereby enabling the image to be a 
sharp three-dimensional image without being elongated. 

0025 

A reflection luminous flux which is reflected by the eye undergoing examination 1 passes through 
the half mirror 30 and is guided to the observation optical system 10. The reflection luminous flux 
reaches the eye of a surgeon 2 through the observation optical system 10. At this time, an image of 
the eye undergoing examination becomes an enlarged image of the designated magnification by the 
zooming optical system by the reflection luminous flux. The enlarged image passes through the 
second objective lens 31, the erect prism 32, and the rhombus lens 33 and is observed by the eye of 
a surgeon 2 through the eyepiece lens 34. 

0026 

FIG. 2 illustrates the positional relationship of the first objective lens 1 1, the half mirror 30 as well 
as the full reflecting mirror 40, and an illumination luminous flux (region 13) as well as a reflection 
luminous flux (regions 14a and 14b). As can be understood from FIG. 2, a portion of the 
illumination luminous flux and a portion of the reflection luminous flux are in an overlapping state. 
The full reflecting mirror 40 is arranged in a position where the reflection luminous flux is not 
interrupted as described above, therefore the image of the eye undergoing examination reflected on 
the eye of a surgeon 2 does not become darkened. 

0027 

FIG. 3 illustrates the second Embodiment of the present invention. 
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0028 



The half mirror 30 as well as the full reflecting mirror 40 is moved respectively as shown in the 
Drawing. More specifically, the half mirror 30 performs the first control which moves between the 
first reflecting position (illustrated position in the Drawing) that reflects an illumination luminous 
flux emitted from the illumination optical system 20 and the first relief position (illustrated position 
in the Drawing) that does not reflect the illumination luminous flux, and the full reflecting mirror 40 
performs the second control that moves between the second reflecting position (illustrated position 
in the Drawing) that reflects a portion of an illumination luminous flux which is emitted from the 
illumination optical system 20 and the second relief position (the position illustrated with a broken 
line) that does not reflect a portion of the illumination luminous flux in the present invention. 
Although this moving control mechanism is not particularly illustrated in the Drawing, a manual 
operation mechanism where a surgeon can operate each mirror manually, or even a motor driven 
mechanism that is able to be controlled by a switch operation may be applicable. 

0029 

Additionally, in the case where the RED REFLEX is not necessary (for example, at the time of 
incision or suture of the eye undergoing examination 1), the full reflecting mirror 40 may be 
arranged at the second reflecting position and the half mirror 30 may be arranged at the first relief 
position by using this moving control mechanism. In this case, because the half mirror 30 does not 
interrupt a reflection luminous flux from the eye undergoing examination 1 , a brighter image of the 
eye undergoing examination can be obtained for that reason. Further, the illumination luminous 
flux to the eye undergoing examination 1 is supplied by the full reflecting mirror 40 arranged at the 
second reflecting position. 

0030 
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An ON/OFF switch for illumination which emphasizes the three-dimensional image can be realized 
by moving the full reflecting mirror 40 to the second reflecting position and the second relief 
position to a state where the half mirror 30 is arranged at the first reflecting position. 

0031 

FIG. 4 and FIG. 5 illustrate the third Embodiment of the present invention. 
0032 

As illustrated in both Drawings, the optical axis 10a of the observation optical system 10 is arranged 
between the half mirror 50 and the full reflecting mirror 51, being arranged below the half mirror 
30. 

0033 

The half mirror 50 reflects an illumination luminous flux which is emitted from the relay lens 21 
and irradiates this to the eye undergoing examination 1 while at the same time transmitting a 
remaining portion. The illumination luminous flux which is transmitted through the half mirror 50 
is guided to the full reflecting mirror 5 1 . The full reflecting mirror 5 1 reflects this and irradiates to 
the eye undergoing examination 1 from another direction different from the half mirror 50 

0034 

Effects similar to the second Embodiment can be obtained by moving each of the half mirror 30 and 
50 as well as the full reflecting mirror 5 1 between the reflecting position which reflects each 
illumination luminous flux and the relief position which does not reflect the illumination luminous 
flux. 

0035 
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Each type of Embodiment of the present invention is described above. However, for example, a 
luminous flux which reflects by each mirror (the full reflecting mirror 40 in FIG. 1) used for 
stereoscopic observation is not necessarily supplied from the light source 24, and for example, a 
new light source may be arranged and may be supplied from there. 



0036 



Efficacy of the Invention 



According to the surgical microscope of the present invention, a bright and three-dimensional trans- 
illumination (RED REFLEX) can be observed because the eye undergoing examination can be 
further illuminated from the position where a reflection luminous flux from the eye undergoing 
examination is not interrupted and which is between the eye undergoing examination and the 
observation optical system while performing the full co-axial illumination of the eye undergoing 
examination. 



0037 



Further, in a case where RED REFLEX is unnecessary, the brightness of an observation image does 
not decrease because a luminous flux guiding means (for example, the half mirror) used for the full 
co-axial illumination can be relieved from the observation optical axis. 



0038 
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Brief Description of Drawings 

Figure 1 illustrates an arrangement drawing of each optical element of the first embodiment of a 
surgical microscope that relates to the present invention. 

Figure 2 illustrates an explanatory drawing concerning an illumination luminous flux and a 
reflection luminous flux in the first Embodiment of a surgical microscope that relates to the present 
invention. 

Figure 3 illustrates an arrangement drawing of each optical element of the second Embodiment of a 
surgical microscope that relates to the present invention. 

Figure 4 illustrates an arrangement drawing of each optical element of the third Embodiment of a 
surgical microscope that relates to the present invention. 

Figure 5 illustrates an explanatory drawing concerning an illumination luminous flux and a 
reflection luminous flux in the third Embodiment of a surgical microscope that relates to the present 
invention. 

Figure 6 illustrates an arrangement drawing of each optical element of the conventional surgical 
microscope. 

Figure 7 illustrates an explanatory drawing concerning an illumination luminous flux and a 
reflection luminous flux in the conventional surgical microscope. 
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Explanation of referenced numerals 



1 Eye undergoing examination 

2 The eye of a surgeon 

1 0 Observation optical system 

1 1 The first objective lens 

1 2 Zooming optical system 

1 3 Region of an illumination luminous flux 
1 4a and b Region of a reflection luminous flux 

20 Illumination optical system 

2 1 Relay lens 

22 Condenser lens 
24 Light source 

30 Half mirror 

3 1 The second objective lens 

32 Erect prism 

33 Rhombus prism 

34 Eyepiece lens 

40, 50, and 61 Full reflecting mirror 
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